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OOMPLETB SPEdFICATION; 

••IMPR OVEMEN TS IN NUCLEAR REAC TOR S. 

The following statement is a full descripticai of ~ 
this invention, including the best method of performina it known 
to us:- 

This invention relates to nuclear reactors of the 
kind having a core disposed in a closed vessel and including a 
body of mioderating material formed with fuel: channels and 
having a bottom support. It ha» previously been proposed to 
centre the body of moderating material including in the core of 
a gas cooled nuclear reactor within a pressure v«issel by keying 
the body adjacent the centre thereof to the core supporting 
means. Such a construction, however, is suitable only when 
the nuclear reactor is stationary and an object of the invention 
\8 the provision of an improved form of core restraint suitable 
for use when the core may have imparted thereto tilting move- 
ments,. More particularly, an object of the invention is the 
provision of a nuclear reactor having a form of core restraint 
suitable for use when the reactor forms part of ship propulsion 
plant. 

The present invention provides a nuclear reactor 

2.-9/2/61.-95. 1. 




231.960 

of the kind having a core disposed within a closed vessel and 
Including a body of moderatixxg material formed with fuel chan 
and having a bottom support^ wherein lateral supports are arr 
to position the body laterally within the vessel^ the latteral 
supports acting between the body and the vessel and being adap 
to permit differential thermal expansion and contraction betwe 
the body and the vessel. - - 

In one embodiment of the invention^ the fuel channel 
are upright and the body is constrained at its sides by a circur 
ferentially sectionalised support wall surrounding the body, 
adjacent sections of the wall are coupled together by compensc 
means adapted to ensure that the constraining action of the 
wall on the body is maintained notwithstanding differential thei 
expansion and contraction of the body^^ and the wall and the lat* 
supports act on the body through the support walU 

By way of example, embodiments of the invention w. 
now be described with reference to the accompanying partly di 
grammatic drawings in which: - 

Figure 1 is a vertical section on the line I-i of Figu: 
2 of a^reactor installed in a ship; 

Figure 2) is, leather more diagrammatically, a secti 
on the line Il-U erf Figure 1; 

Figure 3 is a detail of Figure 2 shown on an enlarge 

scale; 

Figure 4 is a further detail on an enlarged scale of 
Figure 2; and 

Figure 5 is an alternative to the detail shown in 
Figure 3 on the same scale. 

The reactor includes the pressure vessel 1 mounted 
the concrete biological shield 2 by meians of the webs 3 welded 
to the outer surface of the cylindrical part of the vessel 1. T 
webs 3 are re-^inforced by the brackets 4 and project into slots 
5, lined with steel 6, in the biological shield 2« 

The core comprises the graphite body or stack 7. 
body 7 is twelve-sided and is supported from beneath in a kno\ 
manner by the diagrid 8, The diagrid 8 rests on the brackets 
9 and is prevented from moving upwardly by the brackets 10, 
the brackets 9 and 10 being welded to the iimer surface of the 
vessel 1. 

^^^^.^'^ The body 7 is of known construction and comprises 

\(^^/^graphite bricks of square horizontal cross- section and a heigh 
^^^^^\ which is large compared with their breadth. Control rod cha 
\ and fuel channels which are indicated generally by their axes 
and 11a respectively extend throughout tKe height of the body 7 
The fuel channels 11a are arranged in clusters of sixteen arov 
a central control rod channel in known manner. The body 7 i 
cooled by carbon dioxide at a pressure of about 400 p.s.i. 
admitted through the inlet ducts 12 and withdrawn through the 
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outlet ducts 13 and a heavy plate 14 is provided on the top of the 
body 7 to prevent the uppermost blocks from being dislodged by 
the passage of carbon dioxide. 

The body 7 is surrounded by a sectionalized wall 
comprising angle plates 15 coimected together by the compensat- 
ing links 16. The wall is arranged to be affected by the heat 
developed during the operation of the reactor in such a way that 
its inner peripheary is always the same as the outer periphery 
of the body 7 regardless of the temperature. 

Each plate 15 comprises the limbs 15a and 15b and 
there are three plates 15 mounted one above another at every 
alternate apex of the body 7. The limbs 15a and 15b are each 
nearly as long as the width of a side of the body 7 and meet along 
a vertical line. 

An outwardly extending apertured boss 17 is formed 
at the centre of each plate 15 and the plates 15 are each rein- 
forced by the medial ribs 18^ the outer ribs 19 and the pairs of 
ribs 20 extending above and belowj, and parallel to^ each rib 18 
and serving as brackets to which the compensating links 16 are 
connected by piypt pins 16a. = 

P^?te 1 5 CO- operates p jbhrgugh its boss 17^ with 
a tubulir support ekteM apcl 
r indicates^ gen<5raUy^ % 21 . One sUpjiort 2^ Si^i shown p^il^ cut 
away in Figurib 2 ^d is 8h<>w^ in id 
scale iu Figure 3, in the condition a pprbpHat^ 
being cold.' ■ . . '/ 

Tiii tubular sup^ 
welded at its iniier end to the periphery 23 of an aperture in the 
pressure vessel l^, the aperture lying opposite the boss 17. A 
piston 24 is arranged td slide within the cylinder 22. Its outer 
end projects slightly beyond the end of the cylinder 22 and the 
space between the cylinder 22 and the piston 24 is closed by the 
piston rings 25. The nriajbr part of the fi pace within the piston 
24 is filled with shielding material 26 and the walls of both the 
cylinder 22 and the piston 24 diverge outwardly at Z7 and 28 
respectively to ensure that there is no direct path along which 
radiation can escape from the core. The inner end of the gap 
between the cylinder 22 and thie shield 2 is closed to radiation by 
the shielding collar 29. 

The inner end of the piston 24 is connected to the boss 
17 of the plate 15 by means of the ball-headed member 30 screwed 
into the end of the piston 24 from the inside of the plate 15 
before the bricks of the body 7 have been placed in position. 
The member 30 is screwed home until the ball portion 31 rests 
against the seat on a flange 32 projecting inwardly from the outer 
end of the boss 17. A member 33 having a seat against which 
the innermost part of the surface of the ball portion 31 rests is 
then screwed into position from the inside of the plate 15. It 
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will be seen that this connection is 'such that whilst allowing tlT^ 
axis of the piston 24 to oscillate relatively to the plate IS^, the 
plate 15 and piston 24 are constrained to move together in the 
direction of the axis of the boss 17. 

The outer end of the cylinder 22 is closed by the cap 
34 leaving a space 35 into which carbon dioxide can be led 
through the channel 36 in the wall of the cylinder 22. The 
channel 36 is connected to the pipe line 37 including a pump 
37a adapted to supply carbon dioxide through the line 37 at a 
predeteririined maximum pressure. The line 37 is controlled 
by the non-return valve 38 and the orifice 38a which keeps to a 
low value the rate at which carbon dioxide can be supplied to 
the space 35. *^ 

The cylinder 22 extends to the outside of the biologies 
shield so that the cap 34 can be screwed into position and sub- 
sequently adjusted if necessary from outside the biological 
shield. The cap 34 is provided with a bore 39 in which the 
piston 40 can slide. A seal 40a is provided between the piston 

40 and the bore 39. The outer periphery of the piston 40 is 
circumferentially notched at 41. The inner face of each notch 

41 is perpendicular to the axis of the piston 40 and the outer 
face is inclined. A spring 42 is included between the outer end 
of the pis ton 40 and the end 43 of the cap^ the end 43 being 
provided with a vent 44. Diametrically ot>po8ite bores 45 are 
also provided in the cap 34. A reciprocable stub 46 is inserted 
into each of the bores 45. The inner ends of the stubs 46 are 
provided with notches 47 co-operating with the notches 41 and 
are urged towards the piston 40 by the springa 49 abutting at 
their outer ends against the screw plugs 50. When the reactor 
is cold, the cap 34 is screwed into position over the O-ring 
seal 34a with the components 46^ 49 and 50 removed until co- 
operation between the pistons 24 and 40 causes the piston 40 to 
be depressed into bore 39, i. e. in the position in which it is 
shown in Figure 3. In this position, thcL cap 34 through its 
piston 40 acts as an end stop for the piston 24. Components 
46, 49 and 50 are then restored to the cap 34. 

the reactor is to be used, carbon dioxide is 
supplied to the space 35 at a pressure of 2, 000 - 4, 000 p. s.i. 
This pressure is maintained as the piston 24 moves inwardly 
relatively to the cylinder 22 as a result of the pressure vessel 
1 expanding thermally during operation of the reactor more thaa 
the body 7. The piston 40 will not follow the piston 24 since 
the carbon dioxide pressure will exert a force greater than the 
spring 42. Should a leak develop, however, so that the gas 
pressure fails to overcome the spring 42, the piston 40 will be 
urged inwardly into contact with the piston 24. The stubs 46 
will be pushed outwardly as a consequence of the shape of the 
notches 41 and 47 but will be restored by the springs 49 to engag 
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notches 41 nearer the outer end of the piston 40 to hold it in" 



c^^lfr^? P°«V**.°^- ^° Pi«*°^ 40 when the reactor 

cools or the leak is repaired, components 46. 49 and 50 must 

it IZZU ^.VTT^' P""^'* alarm devTce 38b 

IS connected to the line 37 to indicate when the pressure falls' 

below^ given va ue. Should the pressure in the space 35 drop 
the piston 24 will not be urged outwardly by the pressure of cool- 
ant gas Within the pressure vessel 1. sincTit is restrained by the 
CO. operation between the balUheaded member 30 and the boss 
17. Any tendency for the coolant gas to escape is effectively 
prevented by the rings 25. i ^^tivciy 

IS °^ the compensating links 16 by which the plates 

i nlc ?A connected together are shown in Figure 4. Each 

link 16 comprises a central rod 51 of mild steel having an enlarge- 
Sv«t iL** J?* "^^^ " connected by means of a ^ 

£ i ?i ^ P^i' brackets 20. The other end of 

the rod 51 is provided with a flange 53. The rod 51 is encfrcled 
by exght concentric tubes. , of which every alternate tube 54 is 
plane-ended and the riemaining tubes 55 Are each provided with an 
^ PJ?«<^«eS «t^ge 56 on one end and an outwardly project- 
uig nange 57 on the other. Hie flange 57 on the butermLt tube 
1 K^n^'^'f ^f^^w***? 58 on a cap 59 screwW on to a 

iS^Vol' -f ^ P'''^' i^^^ 2) passes .trough this stub 60 to 
cfamect itjo a pa,r of bi^ackets 20 o^a plitb^T5^j2f<tirit io 
ta which the enlargement 52 of the conipensating link is connected. 

li Jf^f ^' °^ t»^« tubes 

54 are of stainless steel.- The lengths of the tubes 54 and 55 

i:^'^^ '^^^^'''"''^ the expisvo^ of th^perfphery 

af wh-;^?1r V^^v «^Panaion of the plates 15 between the points^ 
at which the links 16 are connected to them is just equal to the 
expansion of the links 16. . J equ^i to tne 

1 ] /° link 16 in position, the enlargement 52 

IS connected by a pivot 16a to pne-plate 15. the stub 60 is connect- 
ed by a pivot 16a to an adjacent plate 15 and.the cap 59 is then 

If 'S^if r KP°^i'i°° '°/PPly appropriate strains to the rod 
51 and the tubes 54 and 55. It will be realised that the rod 51 
and the tubes 55 are under teMipn and the tubes 54 are under 
compression. vi""c* 

1 1 f», u are guided into the control rod channels 

atV^f tubes 61 (Figure 1) which termin- 

ate at alieight above the top plate 14 which is just sufficient to 
prevent the tubes 61 and the plate 14 from coming into contact 
as a result of expansion due to the heat developed in the reactor 

?o t£^r'* i"^,*^ '^'^'^g^ stand pipes 6?a wetdld 

to the thermal sleeves 62 in the top of the pressure vessel 1 in 
a known way. The upper ends of the stand pipes 61a are 
connected to the enlarged portions 62 containing control rod 
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operating gear which serves tThold the guide^tubes 61 in po^iTTT^ 
as well as operate the control rods. The junction between each 

'I'^rntL^ ^1*^ ^« surro-o^ded hy a muff 64 wMch 

iS connected to both the pipe 61a and the portion 63. Each mv^V 

It wm h/r^^w°\"'^PP*"« P"' 65 of the biolog cal shteW f 
L nl... la"",',*"^' ^""''^ and reactor become inverted 

au!de tub«« a7 7"' '""^ normally lowermost ends oJ the ' 

guide tubes 61 and so support the body 7. The tubes 61 ,x>,-ii K 
prevented from Sliding through the ro'of ;f the Mol^gictl Thl i^ 
Lr-til^tW i° position by the portions 62 and the 

portions 62 are held in position by the muffs 64 resting upon the 
overhanging portions 65 of the biological shield 2 ^ ^ 
boHx, 7 •« " be seen that in the embodiment described the 
body 7 ,s properly supported in all the conditioas that are likely, 

dfalr-d ^''""i"? conditions it is supporj^d from J^lLw £^ the 

diagnd 8 and is constrained durine thermal k ^ 

pensated sectionalised support ^Sf con^MmngThe pu"e^ 
connected together by the compensating linSl6, It s prevented 
from moving laterally relatively to the pressure vessll ThI 

bSr? teLs tbTovJ^n^^^^^ support members 21 to which the 

A^y f tenas CO move. Since these spaces 35 are clo8**ri w f^-. 
non-r,turn valve. 38, the carbm dio^d. in Aem tetd^o 

restore the prc.ure. The rate at which Ehe pump, 37a can 

"^^'^f.'"- 'j"*''^ °'«i"> 38a and atoce the 

pitching and rolling movement, of the ship are o£ comMJativ^lv 

i.::z'A.'' sh'o^d i^r'prT.r^Tn"£:^rat« ^^^^ ? - 
*r::uS:r"2z ^ th, p«.rz?rn'pJui^'";ViXe" 

ment between the pistons 24 and 4n trir^on ^ ^^^g^g©- 

g^s^ir:."-'""^ -v«t4nh^e"•hod;^:^?^^L^- — - 

shovm in F^Sire 5""to IhS™ °' '"PP"" 
outer ^d ofTe ™iinSr 22'and • "^^7° " <^ '° 

the end of the cap^^rf^d therd"o??SliJ oi%'.°*'lSX:"'' 
71_« under compression ,o that its uae^ls analogouTI^^S^ 

6. 
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fluid pressure. Alternatively the spring 71 could be under ten- 
sion sinc^ the body 7 is encircled by the secticmalized support 
wall and the inner end of each piston 24 is connected to the support 
walL The springs 71 under tension would have to be secured at 
their isnds to the caps 70 and pistons 24 but have the advantage 
that they provide a force acting inwardly on the pressure vessel 1 
aiid tending to compensate the outward force due to the pressure 
of carbcn dioxide being circulated as a coolant. In the embodi- 
nrient shown^ the springs 71 aire about 4' long. 

In a modification of the embodiment shown^ the three 
lateral tubular supports arranged around one half of the periphery 
of the body 7 could be replaced by simple fixed spacing members 
relative rtiovement between the body 7 and the pressure vessel 1 
being compensated for by the remaining three tubular support 
members 21. If the body 7 merely rests against the fixed spacing 
merifibers/ it is neeess^^^ should be urged in- 

wardly relatively to the cylinders either by gas pressure or 
springs 7 J under compression; springs under tension would tend 
to pull the body 7 away from the fixed spacing miembefs unless the 
body were fixed to them. ^ :^ : < 

the^nventtcm ari 

core disposed within ai clos ed-^eatS^ mcxi- 
ei^ating material formed with fuel channels and having a bottom 
supportp -whereinj^ater suppprts ar to position the 

body laterally within the vessel^ the lateral supports acting 
between the body and the vessel and being adapted to permit 
differential thermal expansion and contraction between the body 
and the vessel. {4th Septenaber, 1957). 

2. ; A nuclear reactor as claimed in Claim 
wherein the fuel channels are upright and the body is consftrain- 

ed at its sides by a circumfef entially sectionalized support wall 
surroimding the^bckly^ adjacent sections of the wall are coupled 
f%>gether by compensating means adapted to ensure that the 
constraining action of the .^all body is nriaintained despite 

differential thermal expansion and contraction of the body, and 
the wall and the lateral supports act on the body through the 
support wall. (4th September^ 1957). 

3. A nuclear reactor as claimed in Claim 
2j wherein the body is of polygonal cross-section^ the sections 
of the support wall each include two parts set at an angle to each 
other and each engaging one of two adjacent faces of the body and 
the lateral supports each act on the junction between the two 
parts. (4th September, 1957). 
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4. A nuclear reactor as claimed in Claim 3, 

wherein the number of sections is equal to one half the number 
of faces, (4th September, 1957). 

5» A nuclear reactor' as claimed in any one 

of Claims 2 to 4, wherein the support wall includes two or more 
portions disposed one above the other and each surroundinjg the 
body, each portion being provided with a set of lateral supports. 
(4th September, 1957). 

6. A nuclear reactor as claimed in any one 
of Claims 2 to 5, in which the compensating means are in the 
form of links each comiected between two adjacent sections of the 
support wall and each link comprises a central member surrounded 
by an even number of concentric tubes, one end of the central 
member being connected to one section of the wall and the opposite 
end of the outermost tube being connected to an adjacent section 

of the wall, every alternate tube, including the outermost^ and 
the central mennber b^ing formed of mild steel and beixxg under 
tension^ the remaining tubes being of stainless steel and being 
under compression exerted by an inwardly directed flange at one 
end of the next outermost tube and an outwardly directed flange 
at the opposite end of the next innermost tube, or the~ central 
meniber. (4th September; 1957). 

7. ; A nuclear reactor as^ claimed in the 
preceding clairn, wherein means is jprovided for maintaining the 
body in position in the vessel when the vessel is inverted* 

(4th September, 1957). 

8. A nuclear reactor as claimed in Claini 7, 
wherein the means provided for maintaining the body in position 
in the vessel when the vessel is inverted include control rod 
guide tubes secured to the normally upper end part of the vessel 
an4 arranged to support the inverted body through grid or plate 
means located at the normally upper end of the; body. 

(4th September, 1957), - - ^ 

9» A nuclear reactor as claimed in any pre- 

ceding Claim, in which the reactor includes a biological shield 
and the pressure vessel is supported from the biological shield 
by upper and lower supporting means of which the lower supporting 
means are adjacent to supports on the interior of the vessel for 
the grid or platform for supporting the said body. 
(4th September, 1957). 

10. A nuclear reactor as claimed in any 
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preceding Claim/ which each lateral support comprises a 
compo^aent associated with the pr<gssure vessel^^ a component 
associated with the core and resilient means under compression 
acting between the components » (4th September^ 1957)c 

IK A nuclear reactor as claimed in Claim 

lOp in which the resilient means under compression is a fluid* 
(4th September, 1957)o 

12. A nuclear reactor as claimed in Claim 

lOp in which the resilient means under compression is a spring. 
(4th September, 1957)o 

13* A nuclear reactor as claimed in any one 

of Claims 1 to 9, in which each lateral support comprises a com- 
ponent associated with the pressure vessel, a component assoc- 
iated with the core andi resilient means under tension acting 
between the components. (4th September, 1957). 

14. A nuclear reactor as claimed in any 
preceding Claim, in which each lateral support member includes 
a tubular member welded at its inner end to the periphery of an 
aperture in the pressure vessel and a further member, the 
further member being movable I ongitudina^lly within the tubular 
member and acting between the body and the tubular member. 
(4th September, 1957). 

15. A nuclear reactor as claimed in Claim 
14 and provided with a biological shield, in which the tubular 
member extends outwardly of the biological shield and the outer 
end of the tubular member is provided with a backing-up member 
that can be adjusted from outside the biological shield to limit 
the movement of the further member outwardly relatively to the 
tubular membero (4th September, 1957). 

16. A nuclear reactor as claimed in any 
one of Claims 1 to 9^ in which each lateral support includes a 
tubular member welded at its inner end to the periphery of an 
aperture in the pressure vessel and a piston movable within 
the tubular member and acting at its inner end on the body and 
fluid pressure is provided to urge the piston inwardly relatively 
to the tubular member. (4th September, 1957). 

17. A nuclear reactor as claimed in Claim 
16 and provided with a biological shield, in which the tubular 
member extends outwardly of the biological shield and the outer 
end of the tubular member is provided with a backing-riip mem- 
ber that can be adjusted from outside the biological shield to 
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limit the movement of the piston outwardly relatively to the tubul- 
ar member. (4th September^ 1957)o 

18. A nuclear r*?;actor as claimed in either of 

Claims i6 ai/J 11, I i which mear?s i-espongive to failure of the 
rluid pressure is provided to maintain the tubular member and the 
piston in the relative position which they occupy on failure of the 
fluid pressure., (4th Septembe^^.: ^ 1957)o 

19o A nuclear reactor as claimed in Claim 18 

when appendent to Claim 17, in which the inner end of the piston 
is fixed relatively to the b.*dy, and the backing- up member includes 
a further piston urged towards engagement with the first- mentioned 
p-ston by spring means which are normally overcome by the fluid 
pressure and locking means adapted to prevent movement of the 
further pistoti in a direction opposite to that in which it is urged 
by the. spring means « (3rd September ^ 1958). 

20o A nuclear reactor substantially as des- 

cribed with reference to and as illustrated by Figures 1 to 4 of 
the accompanyijflg drawings or Figures 1, 2^ 4 and 5 of the 
accompanying drawings „ (3rd September, 1958)/ 

GRIFFITH, HASSEL & FRAZER. 
Patent Attorneys for Applicant. 
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